Abstract-A simple and novel WLAN antenna and a kind of neutralization line, which introduces a certain amount of signal to cancel out the unwanted mutual coupling between two antennas, are designed in this paper. The WLAN antenna working at 2.45 GHz and 5.8 GHz frequency bands is designed, fabricated and measured. The simulated and measured results show that the isolation between the two decoupled antennas can be improved to above 20 dB in both frequencies after decoupling. The lumped match network occupies less space for antennas and gains a good matching performance in the operating frequencies.
INTRODUCTION
The increasing demands for higher data transmission rate and better transmission quality lead to a corresponding demand for MIMO technology, which can increase the transmission speed and communication capacity of the system without increasing the transmission power and design costs. If MIMO antennas are arranged in a size-constraint terminal, there will be strong mutual couplings between array ports. In this situation, the mutual couplings not only deteriorate the radiation efficiency but also increase the correlation coefficient. It is a great challenge to achieve good isolation, while the antenna element spacing is less than half-wavelength in a compact volume [1] . To solve this problem, several decoupling methods, such as defected ground structures [2] , electromagnetic band gap [3] , coupled resonator decoupling network [4] [5] [6] [7] , and lumped network [8] , are used to improve isolation between closely packed antennas.
In this paper, a simple decoupling network consisting of a neutralization line is placed between two coupled dual-band antennas. It can effectively improve isolation in both the 2.45 GHz and 5.8 GHz frequency bands. Meanwhile, a C-shaped radiating patch is designed in order to miniaturize the antenna size. Fig. 1 , the total admittance is the sum of the two individual admittance matrices as shown in Eq. (1) [3] .
DESIGN PRINCIPLES
Firstly, the coupled dual-band antennas are all well matched at 2.45 GHz and 5. 
ω is the center angular frequency of two frequency bands (2.4 GHz-2.484 GHz) and (5.725 GHz-5.85 GHz). To satisfy the condition in Eq. (2a), a two-section stepped-impedance transformer is used as a phase-shifting network to convert the mutual admittance of the coupled antennas into a purely imaginary number, while keeping the impedance still match. It should be pointed out that the key technique is the design of the lossless decoupling network, which can satisfy the condition in Eq. (2b). However, the decoupling network will cause mismatching. To solve the problem, extra matching networks are added to the antenna after decoupling. S-parameters are shown in Fig. 3 . From the simulated results, it is indicated that the isolations between the two antennas are around 5.5 dB at 2.45 GHz and 11.4 dB at 5.8 GHz, and the return losses are about 16.5 dB at 2.45 GHz and 18 dB at 5.8 GHz.
DESIGN PROCESS
For a single-band antenna, the detailed explanation of a phase shifting can be found in [4] . However, in this paper, a two-section stepped-impedance transformer A is proposed as a phase shifter in the dualband antenna. As shown in Figs . Since the decoupling network will cause mismatching, an LC matching network is added to each port to match the decoupled antennas. Therefore, the LC value can be turned using the Method of Moments solver in Agilent's ADS to satisfy the impedance matching. Fig. 5 shows the layout of the decoupled antennas, and a muRata capacitance C1 = 2.5 pF and coilcraft inductance L1 = 9.1 nH are used. The simulated results are obtained by HFSS version 15.0, and the measured results are performed by an Agilent E8363B vector network analyzer, as shown in Fig. 6 . In this figure, it is apparent that the isolations between the decoupled antennas are more than 20 dB, and the return losses are better than 15 dB in both 2.4 ∼ 2.484 GHz and 5.725 GHz ∼ 5.85 GHz bands.
The simulated surface current distributions for decoupled antennas at 2.45 GHz and 5.8 GHz The measured far-field radiation patterns of the decoupled antennas with one port excited and the other port connected directly to a 50-Ω SMA connector are shown in Figs. 9(a) and (b) . The lowfrequency radiation characteristic is nearly omnidirectional and better than high-frequency in XOZ (H) plane. The envelope correlation coefficients (ECC) calculated according to the measured S-parameters and the simulated total efficiencies are given in Fig. 10. 
CONCLUSIONS
In this research, two high isolated WLAN antennas, with an easy printed neutralization line, are proposed, fabricated and measured. According to the measured results, the dual-band MIMO antennas have desired isolations, return losses, ECCs and total efficiencies, which make them able to be used in many wireless communication systems.
